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PERFORMANCE OF A BASE-ISOLATED RC BUILDING
SUPPORTED ON SQUARE UN-BONDED FIBER REINFORCED
ELASTOMERIC ISOLATOR UNDER EARTHQUAKES

Van-Thuyet Ngo
Civil Engineering Department, Thuyloi University, Hanoi, VIETNAM

Abstract: Un-bonded fiber reinforced elastomeric isolator (U-FREI) is a relatively new type of multi-layer
elastomeric isolator in which fiber layers are used as reinforcement to replace steel sheets in conventional steel
reinforced elastomeric isolators. It is installed directly between the substructure and superstructure without any
connection at the interfaces. Most of the previous studies on the U-FREIs supported to the base-isolated
buildings are masonry or stone structures. In this study, the dynamic responses of a reinforced concrete (RC)
building supported on square U-FREIs under the action of recorded real time-history ground motions of
earthquakes are investigated by finite element analysis using SAP2000 software. A hypothetical 4-storey
reinforced concrete building constructed in Vietnam is selected for the study. Comparison of the dynamic
responses of the base-isolated building and corresponding fixed-base building is carried out to evaluate the
seismic vulnerability of the base-isolated building under earthquakes. Finite element analysis results show that
peak values of floor acceleration and inter-storey drifts at different floor levels, and peak value of base shear of
the base-isolated building are lower than those of the corresponding fixed-base building. The U-FREIs are found
to be very effective in reducing seismic vulnerability of low and mid-rise RC buildings.

Keywords: Base isolation, un-bonded fiber reinforced elastomeric isolator, effective horizontal stiffness,
effectiveness of base-isolated building, earthquake

IOPEKTUBHOCTDb KBAAPATHOI'O APMUPOBAHHOI'O
BOJIOKHOM 2JIACTOMEPHOI'O U30JIATOPA JJIA
AKEJE3OBETOHHOI'O 3JAHUA IIPU BEMJIATPECEHUAX

Ban-Txyem Hzo

®daxyJIbTeT TPaKIaHCKOTO CTPOUTEILCTBA, Y HUBepcuTeT Tyiinosi, r. Xanoii, BBETHAM

AHHOTanmsi: DJacTOMEpHbIE M30JSITOpPBI, apMUpoBaHHbIE (UOpoBbIM BosiokHOM 0Oe3 cueruienust (U-FREI),
SIBJIIFOTCSI OTHOCUTENLHO HOBBIM THUIIOM MHOTOCJIOMHON H30JSIIUH, B KOTOPOH B KadyecTBE apMUPYIOLIETO
UCTIONB3YIOTCS BMECTO CTAJbHBIX JIUCTOB WCIIONIB3YETCS CJIOM BOJOKHA. Takoi CJIOH ycTpamBaercs
HEMOCPEICTBCHHO MEXKIy BEpXHEH M HIDKHEH ONOPHBIMH IUTACTHHAMH 0€3 KaKOTro-JIMOO COCIUHCHUS IO
IMOBEPXHOCTH KOHTaKTa. BONBIMMHCTBO paHee BBIMOIHCHHBIX HccienoBaHuil, mocBsmieHHbIX U-FREI, Obum
CBSI3aHBI C KAMEHHBIMH KOHCTPYKIMAMHU. B maHHO# paboTe AMHAMHYECKIE XapaKTePUCTUKU KeIe300€TOHHOTO
3/1aHus, onuparolerocs Ha kBaapaTHble nzoisitopel U-FREIL nccnenytoTcss METoI0M KOHEUYHBIX 3JIEMEHTOB C
WCTIOTBh30BaHNEM TporpaMMHoro obecmedennss SAP2000 mpu 3aperHCTPHPOBAHHBIX B pEallbHOM BpPEMEHH
KoJIeOaHUsAX TPYHTA, BBI3BAHHBIX 3eMieTpscenrneM. /s uccienoBaHus BBIOpaHO 4-3Ta)HOE Kene300eTOHHOE
3aHue, MocTpoeHHoe Bo BreTHame. CpaBHEHHE AMHAMHYECKUX OTKIMKOB 3[aHHUA C M30JIIMEH OCHOBaHHA U
COOTBETCTBYIOIIIETO 3MaHUS C (UKCHPOBAHHBIM OCHOBAHWEM IIPOBOAWTCS MJS OLEHKH CEWCMOCTOWKOCTH.
PesynbpTaThl pacueTa METOAOM KOHEYHBIX SJEMEHTOB IOKAa3bIBalOT, YTO IHMKOBBIE 3HAYEHUS YCKOPEHUS
MIEPEKPBITHH, MEXKITAKHBIE CMEIIEHUS, @ TAK)KE MUKOBOE 3HAUEHUE CMEIICHHsI OCHOBAHUS 3JaHUsI C U30JISIUEH
HWKE, UM Y COOTBETCTBYIONIETO 31aHUs C (PUKCUPOBAaHHBIM OocHOBaHUHEeM. BrisBinerno, uto U-FREI adhdexruBHBI
JUTS TIOBBIIICHUS CEHCMOCTORKOCTH MaJIOATAXKHBIX U CPEITHE STAKHBIX 3/IaHUI.

KiroueBble caoBa: M30IsI11s OCHOBAaHUs, SHaCTOMCpHHﬁ H30JIATOp, apMI/IpOBaHHHﬁ BOJIOKHOM, 3(1)(1)CKTI/IBHa$[
TrOpu30HTaJIbHAA KECTKOCTD, 3(1)(1)6KTI/IBHOCTL 31aHHuA C HBOHXHHCﬁ OCHOBAaHUs, 3EMJICTPACCHUC
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1. INTRODUCTION

Base isolation is an effective solution to reduce
the vulnerability of a structure when
earthquakes occur [1,2]. Normally base isolators
are usually placed above the substructure and
below the superstructure of the building. Base
isolation can undergo large horizontal
displacement from earthquakes due to the low
horizontal stiffness of the isolators. Moreover,
the large equivalent viscous damping of the
isolators is dissipated the energy of earthquakes
transmitted to the superstructure. Meanwhile,
the vertical stiffness of the isolators has a large
value to ensure that the isolators can undergo
the weight of the construction and the vertical
loads acting on the superstructure.

Most of the buildings used the base isolators in
the world are often of high importance and high
cost [3]. They often use conventional multi-
layer elastomeric isolator such as natural rubber
bearing (NRB), high-damping rubber bearing
(HDRB), and lead rubber bearing (LRB). Over
the past two decades, a new type of multi-layer
elastomeric  isolator as un-bonded fiber
reinforced elastomeric isolator (U-FREI) is
studied and developed. The U-FREI consists of
alternating layers of rubber and fiber fabric as
reinforcement. It is installed directly between
the substructure and superstructure without any
connection at the interfaces. Therefore, when
the 1isolator is subjected to horizontal
displacement, elastomer layers at top and
bottom of the U-FREI will lose contact with the
supports lead to “rollover deformation” [4]. The
U-FREI is lighter, easier in manufacturing and
installation than the conventional multi-layer
elastomeric isolator. It is expected to replace the
conventional multi-layer elastomeric isolator for
seismic response control of low and mid-rise
lifeline buildings in developing countries like
Vietnam, Indonesia, India, etc.

Some studies for the U-FREI have been
conducted in recent times. The vertical and
horizontal behavior of the U-FREI under cyclic
loading was investigated by both finite element
(FE) analysis and experimental tests [5-15].
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These studies were determined the mechanical
properties of the U-FREIs with different sizes,
including horizontal stiffness, vertical stiffness
and damping factor. Analytical approaches were
proposed to calculate the effective plan area in
contact with the support surfaces and the
effective horizontal stiffness of the U-FREI
[16,17]. Some shake table tests of the base-
isolated buildings supported on U-FREIs were
carried out to ascertain its effectiveness in
controlling seismic response [18-20]. A little
effort to apply the U-FREIs for the residential
buildings in developing countries was presented
[2,21-25]. Most of these studies investigated the
seismic effectiveness of the base-isolated
masonry buildings supported on U-FREIs. Thus,
the seismic performance of the U-FREIs
supported to the base-isolated reinforced
concrete (RC) buildings should be further
studied.

In this study, the seismic performance of a base-
isolated RC building supported on square U-
FREIs is investigated by FE analysis using
SAP2000 software. A hypothetical base-isolated
building constructed in Vietnam is selected for
the study. The mechanical characteristics of the
U-FREIs are determined with an analytical
approach as proposed by the previous study.
Dynamic response of the building under the
action of various recorded real time history
ground motions of earthquakes in two cases:
fixed-base and base-isolated conditions are
investigated. From results of FE analysis,
comparison of the floor acceleration, inter-
storey drift responses and base shear of the
base-isolated building with those of the
corresponding fixed-base building is carried out
to evaluate the seismic vulnerability of the base-
isolated building under earthquakes.

2. DESCRIPTION OF A BASE-ISOLATED
RC BUILDING

As mentioned above, U-FREI is a relatively

new type of seismic isolator, which is expected
to be used for low and mid-rise civil buildings.
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There have not been many base-isolated
buildings supported on the isolators. There is an
actual  base-isolated two-storey = masonry
building supported on square U-FREIs which
was successfully constructed in October 2016 at
Tawang, Arunachal Pradesh State, India. This is
the first U-FREIs supported prototype low-rise
building to be constructed anywhere in the
world [2]. In this study, a hypothetical RC
building supported on square U-FREIs is
selected as the research object.

A base-isolated 4-storey RC building with
hypothetical constructed location, hypothetical
dimensions and hypothetical material properties
is considered for this study. It is constructed in
Muong Lay town, Dien Bien province, Vietnam.
Dien Bien is a province in the north-western
region, where has the largest seismic activity in
Vietnam. Materials used in the building are
concrete of B15 grade (weight per unit volume
of 25 kN/m?, modulus of elasticity of 2.3x10’
kN/m? and poisson’s ratio of 0.2) and
reinforcement of CIII group grade (fy = 400
N/mm?) according to Vietnam design standard
TCVN 5574 [26]. Cross-sectional dimensions of
all beams and columns are 0.30m x 0.45m and
0.30m x 0.30m respectively. Thickness of all
slabs is 0.12m. There are 5 bays of 4.0m in X-
direction, 3 bays of 4.0m in Y-direction, i.e.
plan dimensions are 16.0m x 8.0m. Each floor
height is 3.2m. Brick masonry walls with
thickness of 0.11lm are built around the
perimeter of the building. Three-dimensional
view and typical floor plan of the base-isolated
building are shown in Fig. 1.

(a) View of the superstructure
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(b) Typical floor plan

Figure 1. The base-isolated 4-storey RC
building

The superstructure is placed on an isolation
system consisting of fifteen square U-FREIs
placed under fifteen columns (Fig. 2). There
exists a rigid slab at the base level that connects
all isolation elements. It is considered that the
weight of the superstructure is equally
transferred to each isolator under the column.
The maximum possible vertical load on an
isolator as computed considering all possible
load combinations as per Vietnam standard
TCVN 9386 (Design of structures for
earthquake resistances) [27] is W = 580 kN. The
fixed-base period of the superstructure is
estimated to be about 0.42 seconds (from
simulated model in SAP2000 v.15.2.1 software
[28]). The project site is located in Muong Lay
town on a site with soil class B as per Vietnam
standard [27].

Figure 2. View showing locations of base
isolators in the building

3. SELECTING THE SIZE AND
MECHANICAL CHARACTERISTICS OF
SQUARE U-FREIS

3.1. Methodology
3.1.1. Shape factor
One of the most important parameters in the
design of multi-layer elastomeric isolator is
shape factor (S) defined as the ratio of the
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loaded area to load free area of a rubber layer
[3]. For a square isolator with the width of @ and
a single rubber layer thickness of 7., the shape
factor is computed by

s== (1

Generally, for better seismic performance, the
prototype isolators should have the value of
shape factor more than 10 [3].

3.1.2. Horizontal stiffness of a square U-FREI
According to [3], the horizontal stiffness of a
conventional multi-layer elastomeric isolator is
given by

k=94 )

where G is the initial shear modulus, 4 is the
full cross-sectional area of the isolator (for a
square isolator with the width of a, the full
cross-sectional area is 4 = a°), and ¢ is the total
thickness of rubber layers in the isolator.

The horizontal stiffness of a U-FREI is
calculated according to an analytical approach
which is proposed by Ngo et al. [17] as

G A,
ub _ eff “eff
K =L

t

r

)

where Gep is the effective shear modulus of
isolator and Aey is the effective plan area in
contact with the support surfaces of the U-FREI
at the horizontal displacement (u).

The effective shear modulus (Gep) is affected by
many factors such as the magnitude of the
horizontal displacement () and the value of the
vertical load acting on the isolator. For a square
1solator with the width of a, the effective shear
modulus (Gep) is given as:

For 0 <u <1.0t:
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where periro 1s the critical stress state according
to Kelly [29] and is given by

P..
pcrit,O = Crzlt (6)
a
_ \/EHGASF (7)
crit T
a4 (8)
r 2\/5

r is the radius of gyration; p: is the vertical
pressure on the isolator and is calculated as

=" ©)

W is the vertical load on the isolator.
According to [16], the effective plan area (Aep)
of a square isolator with the width of a is
calculated as

A, =ala—d) (10)
where, d is the projected length of the curved

part of the rollover region along the horizontal
plane as shown in Fig. 3, and is given as

25
d=""ah 11
o (11)
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Fu=sH

Figure 3. Deformed configuration of an U-FREI

where, 4 is the total height of the isolator, a is a
geometrical parameter which relates d and
curved length (s) at a given horizontal
displacement (). The relation between u, s and
o as proposed by Toopchi-Nezhad [16] is
expressed as

u=s :gh[Za\/1+4a2 +ln(2a+\/1+4a2 )} (12)

Thus, for a known value of » and 4, a is found
from Eq. (12), which is used for the evaluation
of Aesrusing Eq. (10).

3.1.3. Vertical stiffness of a square U-FREI
Vertical stiffness (Kv) of a multi-layer
elastomeric isolator is given by [3]

EA
t

r

K (13)

v

where Ec is the compression modulus of the
isolator, for a square isolator is E. = 6.73GS.

3.2. Selecting the size of square U-FREIs
supported to the base-isolated building

A design procedure for determing the size of the
conventional multi-layer elastomeric isolators
(including NRBs, HDRBs, LRBs) supported to
base-isolated structures was presented by Mayes
and Naeim [30]. There are few documents
giving detailed design procedure for determing
the size of the U-FREIs. Ngo [31] was proposed
a design procedure following the design
provisions of ASCE 7 [32] for selecting the size
of U-FREIs supported to a base-isolated
building. In this study, the step-by-step selecting
size of square U-FREIs is presented according
to the design procedure proposed by Ngo [31].
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Step 1: Evaluation of spectral response
acceleration parameter at a period of 1 second,
S1(81<0.60):

According to Vietnam standard TCVN 9386
[27], the peak value of reference ground
acceleration in Muong Lay town is agr =
0.1516g. Note that the spectral acceleration (S7)
in ASCE 7 [32] is calculated according to the
repetition period of Tasce = 2500 years, while it,
in the Vietnam standards, 1is calculated
according to the repetition period of 7yy = 500
years [27]. Therefore, it is necessary to convert
the peak value of reference ground acceleration
in  Vietnam standards from the 500-year
repetition period to the 2500-year repetition
period. According to [27], the conversion
formula is as follows:

(14)

S, = (TVN I T ysce )(71/3) (agR/g)

S, =(500/2500)""" (0.1516g/g)
S, =1.71x0.1516 = 0.2592

Step 2: Determine the site coefficient, Fy:

The building is located on a site with soil class
B as per Vietnam standard [27]. The site soil
class B in TCVN 9386 [27] corresponds to the
site soil class C in ASCE 7 [32]. Thus, the value
of F, = 1.50 is obtained from Table 11.4-2 in
ASCE 7 [32] for site class C and S = 0.2592.
Step 3: Determine the seismic coefficient, Sui:
The spectral coefficient needed for calculation
of minimum displacements is obtained from Eq.

(15):

SMI = E/SI
S, =1.50x0.2592 =0.389

(15)

Step 4: Select the damping coefficient, B

The equivalent viscous damping of the U-FREIs
is usually in the range of 6% to 15% [1-5]. For
preliminary design purpose, 10% damping is
assumed for isolator type of U-FREIL From
Table Table 17.5-1 in ASCE 7 [32], Bu = 1.20.
Step 5: Select a desired period of the isolated
structure at the design displacement, 7
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The effective period of the base-isolated
structure at the design displacement is
calculated from Eq. (16):

T, >3T

fixed—base ( 1 6)
where Thxed-base 18 the fixed-base period of the
building. 7 is often selected in range from 1.5
to 2.5 seconds for low and mid-rise civil
buildings. Thus,

T,23x042= 1.26(sec)

Take Tm = 1.60 (sec) for preliminary design.
Step 6: Estimate the effective horizontal of the
1solator, Kx:

The effective horizontal stiffness of the isolator
is obtained from Eq. (17) as

2

=2 | — o Kk, :K[z—”) (17)
Kyming g\1y
where Kwmin 1s the minimum effective
horizontal stiffness of the isolator at the design
displacement (7v), W is the maximum possible
vertical load on an isolator (W = 580 kN) and g
is the acceleration of gravity (g = 9.81 m/s?).
Thus,

2
h:ﬁx(Z_ﬂj =911.8(kN /m)
9.81 \1.60
Step 7: Estimate the design horizontal

displacement, D
The design displacement is obtained from Eq.
(18) as

ST
DM:( gzj v (18)
4r°) B,
9.81) 0.389x1.60
D, = =0.129
u [4;:2} 120 ()

Step 8: Estimate the total rubber thickness
required, -
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Dy

y =M _150% — t,,=1D—A54 (19)

t}’

0.129
t =——=0.086(m)=86(mm
r =130 (m) (mm)

Step 9: Choose the full cross-sectional area of
the U-FREI:

4> Kils (20)

The initial shear modulus (G) depends on the
type or rubber used in the isolator. Generally,
the value of G is selected in range from 0.5 to
1.35 MPa. To take a typical rubber with G =
0.90 MPa. From Eq. (20):

911.8x0.086
A>T
0.9x10°

a>~J4=~0.0871=0.295(m)

= O.O871(m2)

In fact, the horizontal stiffness of a U-FREI is
calculated by Eq. (3) relates to the reduction in
shear modulus with increasing displacement and
the effective plan area in contact with the
support surfaces [17]. Thus, it is chosen a =
0.32 (m) = 320 (mm) for the square U-FREIs
supported to the base-isolated building.

Step 10: Choose the number of rubber layers,
ne, thickness of a rubber and fiber layer, # and #,
and total thickness of U-FREI, 4:

According to [3], the shape factor typical for
seismic isolation is in range of 10 to 20.
Selecting a shape factor of § = 16 for the
isolators of seismic isolation, from Eq. (1) we
can calculate the thickness of an individual
rubber layer, z., as

Z, =i=ﬂ=5(mm)
4S5  4x16

Choose t. = 5 (mm). Thus, the number of rubber
layers is n = 86/5 = 17.2. Choose n = 18.

The total thickness of rubber layers in the
isolator is

t. =nxt, =18x5=90(mm)
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Using # = 0.55 (mm) thick of a carbon fiber
reinforcement layer. The total height of the
isolator is

h=90+0.55% (18— 1) =99.35 ] 100 (1mm)

Thus, the sizes of the isolators are 320x320x100
(mm). Three-dimensional view of the U-FREI is
shown in Fig. 4.

Figure 4. View showing sizes f the U-FREIs

3.3. Determination of mechanical
characteristics of the square U-FREIs
3.3.1. The shape factor

Van-Thuyet Ngo

a 320
4t 4xS5

e

16

3.3.2. The effective horizontal stiffness (Kx"®)
According to [32], the Ilimit horizontal
displacement amplitude of an isolation system is
1.50#- (135 mm). Therefore, values of the
effective horizontal stiffness of the U-FREIs at
the increasing  horizontal  displacement
amplitude up to 1.50¢ are determined with the
analytical approach above, and are given results
in Table 1.

According to [32], the effective horizontal
stiffness of an isolator relates the shear force
and the horizontal displacement amplitude by

K, zg (21)

From Eq. (21), the shear force of the isolator is
obtained by

The actual shape factor of the U-FREISs is: F=K,u (22)
Table 1. Effective horizontal stiffness of the U-FREIs
u w Gepr " d Aepy Ki®

(mm) " | (N/mm?) (mm) (mm?) (kN/m)

20.0 | 0.22 0.8374 | 0.1267 | 19.80 | 96065.00 | 838.86

40.0 | 0.44 0.7815 | 0.2464 | 38.50 | 90080.00 | 734.03

60.0 | 0.67 0.7254 | 0.3559 | 55.61 84605.00 | 639.97

80.0 | 0.89 0.6721 | 0.4505 | 70.39 | 79875.00 | 559.79

90.0 1.00 0.6412 | 0.5015 | 78.36 | 77325.00 | 517.00

112.5| 1.25 0.6412 | 0.5983 | 93.48 | 72485.00 | 484.64

135.0 | 1.50 0.6412 | 0.6867 | 107.30 | 68065.00 | 455.09
The shear force-horizontal  displacement *
amplitude relationships of these isolators with jz e -]
increasing horizontal displacement amplitude up Z ol
to 1.507#- as obtained from the analytical ] N
approach and idealized lines as given by bi- ”*;’”0 120100 8060 403%0 204060 80 100 120 140
linear behaviour are shown in Fig. 5. The bi- & ‘ 40| e Andytical approach for UFREI
linear behaviour is selected because this model | ] o Heled B o UTREL

can be effectively used for all isolation systems
used in practice.
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Horizontal displacement (mm)
Figure 5. Shear force — horizontal displacement
amplitude relationships of the isolators
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3.3.3. The Vertical Stiffness of U-FREIs
The compression modulus and vertical stiffness
of the U-FREIs are calculated as

E, =6.73x0.90x16> =1550.59 (N / mm’ );

~1550.59x320°

K
g 90

=1764229.12 (kN / m).

4. INVESTIGATION OF THE
EFFECTIVENESS OF THE BASE-
ISOLATED BUILDING UNDER
EARTHQUAKES

The response of the base-isolated building
supported on the U-FREIs and the
corresponding fixed-base building under the
action of various recorded real time-history
ground motions of earthquakes are investigated
by FE analysis using SAP2000 v.15.2.1
software [28]. Comparison of the floor
acceleration, inter-storey drift responses and
base shear of the base-isolated building with
those of the corresponding fixed-base building
is carried out to evaluate the seismic
vulnerability of the base-isolated building under
earthquakes.

The fixed-base and base-isolated buildings are
simulated in 3D finite element model by
SAP2000 (Fig. 6). The beams and columns are
modelled using frame elements. All floors are
modelled using shell elements, in which each
floor is assigned by a diaphragm constraint. For
the base-isolated building, U-FREIs are
modelled by rubber isolator element defined
under link type of elements (rubber isolator).
The nonlinear force-horizontal displacement
behaviour (bi-linear curve) of the isolators as
shown in Fig. 5 is used to represent the
mechanical properties of the isolators along X
and Y-axis. The vertical stiffness of the isolators
above is used to present the mechanical
properties of the isolators along Z-axis. For the
fixed-base building, all nodes at ground level
are fixed in all the directions.

The dynamic responses of the fixed-base and
base-isolated buildings under the action of

Volume 19, Issue 4, 2023

various recorded real earthquake time-history
ground motions of earthquakes are investigated
by time history analysis. Two time-history
ground motions from real earthquake records as
El-Centro earthquake (USA, 18/05/1940, Comp
— 180, peak acceleration value of 0.32g) and
Kobe earthquake (Japan, 16/01/1995, Comp —
FUKO000, peak acceleration value of 0.33g) as
shown in Fig. 7, are selected to investigate the
seismic performance of the base-isolated
building. Time history analysis is carried out
along the weaker axis of the building, i.e. Y-axis
(Fig. 1b).

Z‘\“
(a) Fixed-base building

&
(b) Base-isolated building
Figure 6. Three-dimensional FE model of the
building
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It may be observed from Table 2 that the
magnitudes of peak floor acceleration and inter-
storey drifts at different floor levels, and the
magnitude of peak base shear of base-isolated
building are lower than those of fixed-base
building. For example, the peak floor
acceleration value at roof level, the peak inter-
storey drift value at 2" storey and peak value of
base shear of the base-isolated building are
reduced by (74.2%, 72.6% and 69.9%
respectively), (84.7%, 88.0% and 84.4%
respectively) as compared to the corresponding

Dy L values in the fixed-base building under
030 | ElCentro, Kobe earthquakes respectively.
040 — Further, ‘ the magnitudes of peak floor

(b) Kobe e arth quake acceleration at different floor levels of the base-

Figure 7. Real time-history record of selected
earthquake motions

Comparison of the peak absolute values of floor
accelerations, inter-storey drifts and base shear of
the base-isolated building with those of the fixed-
base building are presented in Table 2.
Comparison of the detailed time-history of floor
acceleration at roof level (the level has the
maximum magnitude of peak floor acceleration),
inter-storey drifts at the 2" storey (the level has
the maximum magnitude of peak inter-storey
drift) and base shear of the base-isolated and
fixed-base buildings under each earthquake
excitation are shown in Figs. 8-10 respectively.

isolated building are almost the same under each
excitation, while the magnitude of peak floor
acceleration of the fixed-base building is
amplified along the height of the building
model. This finding is in agreement with the
observation made by Das et al. [19] based on
the shake table testing results of a scaled model
of base-isolated un-reinforced brick masonry
building supported on U-FREISs. It indicates that
the possibility of any damage in the
superstructure of the base-isolated building is
clearly lower than that of fixed-base building.
Thus, the mitigation of seismic vulnerability of
the base-isolated building supported on the U-
FREIs is better than that of the fixed-base
building under the same earthquakes.

Table 2. Comparison of the peak values of dynamic responses of the fixed-base and base-isolated
buildings under earthquakes

Fixed-base Base-isolated
Parameter building building
El-Centro| Kobe |El-Centro| Kobe
Peak floor acceleration value at 1% floor level (g) 0.35 0.55 0.12 0.14
Peak floor acceleration value at 2™ floor level (g) 0.42 0.84 0.09 0.13
Peak floor acceleration value at 3 floor level (g) 0.46 1.11 0.13 0.14
Peak floor acceleration value at roof level (g) 0.62 1.37 0.16 0.21
Peak inter-storey drift value at 1* storey (mm) 42.2 100.1 12.9 14.1
Peak inter-storey drift value at 2" storey (mm) 46.4 112.2 12.7 13.5
Peak inter-storey drift value at 3" storey (mm) 38.2 86.6 9.8 114
Peak inter-storey drift value at 4" storey (mm) 20.8 45.9 5.2 6.5
Peak value of base shear (kN) 2788.9 | 6566.7 | 838.9 1023.1
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5. CONCLUSION

This study presents the seismic performance of
a base-isolated reinforced concrete building
supported on square un-bonded fiber reinforced
elastomeric isolators. A hypothetical base-
isolated 4-storey RC building constructed in
Muong Lay town, Dien Bien province, Vietnam
is considered for the study. The size of the
square U-FREISs is selected following the design
provisions of ASCE 7. The mechanical
properties of the square U-FREIs with the
selected size, including horizontal and vertical
stiffnesses, are calculated with an analytical
approach as proposed by previous study.
Investigation the time-history responses of both
fixed-base and base-isolated buildings under the
action of various recorded real earthquake time-
history ground motions of earthquakes are
carried out by FE analysis using SAP2000
software. From results of FE analysis,
comparison of the dynamic responses of the
fixed-base and base-isolated buildings is
presented to evaluate the seismic vulnerability
of the base-isolated building under earthquakes.
The concluding remarks are as follows:

e Magnitudes of peak floor acceleration and
inter-storey drifts at different floor levels of
the base-isolated building are lower than
those of the fixed-base building. Thus, the
possibility of any damage in the
superstructure of the base-isolated building
is clearly lower than that of the
corresponding fixed-base building.
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e Magnitude of peak base shear of the base-

isolated building is lower than that of the
fixed-base building. The seismic
vulnerability of the base-isolated building is
mitigated in comparison with that of the
corresponding fixed-base building under the
same earthquakes.

U-FREIs are found to be very effective in
reducing seismic vulnerability of low and
mid-rise RC buildings. Thus, U-FREIs are
recommended for seismic isolation of low
and mid-rise RC buildings.
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